Approximately 10,000 years ago, certain human groups began to rely on diets derived from domesticated plants and animals rather than acquiring wild sources of food via hunting, gathering, and foraging. This transition in subsistence economy occurred independently in several global regions, with particular starchy crops (e.g., wheat, barley, rice, maize, etc.) becoming staple food sources in different continents (1) . The profound effects of the transition to agriculture on the biology of modern humans cannot be overstated. These effects include an increased tendency to stay in a single place for extended periods of time, changes in weaning practices, increases in the incidence of infectious disease, and increased fecundity, leading ultimately to an explosion in the global human population (2, 3) . Without the development of horticultural and animal-rearing practices, it would not be possible to sustain the enormous population of humans alive on the planet today. Anthropologists have long been interested in the effects of this shift in subsistence strategy from a genetic, morphological, social, and medical perspective. Agricultural diets are, in general, less variable, higher in starch and sugars, and lower in protein compared with forager diets, resulting in a suite of health-related problems such as anemia, dental caries, vitamin deficiencies, and malnutrition (4, 5) . Agricultural diets are also softer, on average, meaning that they are mechanically less demanding in terms of chewing than forager diets. Anthropologists have noted for some time that even prehistoric farmers had more gracile crania and lower jaws (mandibles) than foragers, which can be summarized by Carlson and Van Gerven's (6) "masticatoryfunctional hypothesis." This hypothesis explains the observed changes through time in Nubian cranial morphology ( Fig. 1) in terms of reduced biomechanical stress from chewing softer agricultural foods (5, 7). Now, in PNAS, Katz et al. (8) add novel evidence in support of this hypothesis by explicitly quantifying the effects of eating a softer diet on the 3D form of the cranium and mandible. Drawing on an expansive global dataset and an innovative analytical approach (9), Katz et al. demonstrate small but consistent effects of a soft agricultural diet on skull morphology that relate directly to chewing anatomy.
One of the difficulties encountered when trying to study the relationship between morphology and dietary differences is the potentially confounding effect of population history. To illustrate the problem, imagine two human populations (one agricultural and one foraging) living in different geographic regions. We might observe systematic differences between them in terms of skull morphology and conclude that these differences reflect variation in chewing behavior. However, can we confidently assume the differences are indeed due to diet? Not really. The differences could be related to diet, but they could also reflect differences in the specific genetic population histories of the two groups. Disentangling the effects of population history from dietary factors is made all of the more difficult because geography mediates the evolutionary processes that are responsible for population history while subsistence economy is also, to some extent, related to geography (10, 11) . So, for example, prehistoric farmers could spread relatively easily where there was an abundance of water, sunlight, and good soils for growing crops and raising animals, whereas some regions (such as deserts, dense rainforests, and the High Arctic) were difficult for farmers to settle for these reasons.
To circumvent the problem of distinguishing morphological signals of dietary change from those related to population history, anthropologists have either compared foragers and farmers from a single geographically localized area (6, (12) (13) (14) (15) or have adopted methods that take global population history into consideration (11, 16) . In general, these studies have shown a relatively potent effect of dietary change on the shape and size of the mandible and, in some cases, a commensurate effect on the form of the skull. It has sometimes been difficult to assess whether morphological signals are truly related to a shift in diet because additional factors, such as migration of new peoples into the area, could also have an impact on the observed patterns of morphology (15) . Even in cases where the effects of population history have been statistically accounted for by controlling for genetic or geographic patterns, it has been difficult to accurately quantify the effects of dietary differences on skull morphology, both in terms of the intensity and the pattern of morphological change. The study by Katz et al. (8) overcomes these problems by using an innovative analytical approach. They adopt a mixed-effect model from quantitative genetics to characterize the effects of diet on the 3D shape of the skull and mandible for 25 globally distributed preindustrial forager and farming populations. Their model explicitly controls for other possible causative effects such as population history, sexual dimorphism, and climate. Their results are broadly consistent with the masticatory-functional hypothesis in showing that groups with softer diets show small, but definitive, differences in the size and shape of their skulls. These effects are strongest when comparing dairying populations with foragers. Moreover, the effects are much larger for the mandible than for the skull, and the regions most affected by diet are those related to chewing function such as the size of the chewing musculature, relative facial size, and the shape of the mandible (8, 11) .
So what does this mean for the study of modern human morphological variation? There are two aspects that warrant further consideration. First, it is important to point out, as Katz et al. (8) do, that the effects of dietary changes are small when considered alongside other factors such as sexual dimorphism and population history (i.e., how groups are related). The majority of human cranial variation can be explained on the basis of a neutral (or stochastic) model of microevolutionary change (17) (18) (19) (20) (21) . What this means is that most global human morphological diversity (irrespective of diet) was shaped by the past action of random mutations, population dispersals, and among-group gene flow. This basic pattern of human variation is then overlain by additional sources of variation, such as the effects of climatic selection to extreme cold climates (9, 10, 18, 22) and the effects of dietary changes related to the shift to agriculture (21) . The study by Katz et al. (8) is timely and important in explicitly quantifying the relative importance of having a soft versus a harder diet on overall cranial form.
The second issue that warrants further investigation is what, at a proximate level, is driving these changes in skull morphology in response to a softer diet? In terms of biological mechanisms, there are two main options. One is that the differences are caused by Drawing on an expansive global dataset and an innovative analytical approach, Katz et al. demonstrate small but consistent effects of a soft agricultural diet on skull morphology that relate directly to chewing anatomy. natural selection having acted over the past few thousand years, generating genomic-level differences between farmers and foragers that manifest in terms of differing size and shape of the masticatory apparatus. The second option is that the differences are generated via phenotypic plasticity, or the tendency of bone tissue to remodel in response to biomechanical forces. This latter explanation is underwritten by a body of experimental animal studies (e.g., refs. [23] [24] [25] that demonstrate systematic changes in the morphology of the cranium in response to being fed either a hard or soft diet. The explanation of phenotypic plasticity also accords with the finding that farming populations tend to have a higher incidence of orthodontic problems such as malocclusions and dental crowding (7, 11) . This is explained on the basis that the bony jaw responds to biomechanical forces whereas dental tissues do not. So if farmers are subjected to a less biomechanically challenging diet than foragers, their upper and lower jaw tissues may not be sufficiently stimulated to grow to the appropriate size and shape required for successful eruption of all adult teeth (26) . However, some studies have found consistent differences related to chewing anatomy in young children (27, 28) indicating that forager-farmer differences arise early in development, and suggest that genetic differences underlie these morphological distinctions. Hence, there are many aspects of the relationship between cranial morphology and diet in humans that are still not clear. However, the study by Katz et al. (8) provides an important stimulus to think more carefully about these proximate mechanisms, and thereby gain a better understanding of the role of subsistence change in driving patterns of modern human cranial diversity.
